$11 143 (95% CI 8962-13 324) for cardiac arrest, and $13 278 (95% CI 12 301-14 255) for stroke. The effects on income were greater for patients who had lower baseline earnings, comorbid disease, longer hospital length of stay or needed mechanical ventilation. Sex, marital status or self-employment status did not affect income declines.
INTERPRETATION:
Acute MI, cardiac arrest and stroke all resulted in substantial loss in employment and earnings that persisted for at least 3 years after the events. These outcomes have consequences for patients, families, employers and governments. Identification of subgroups at high risk for these losses may assist in targeting interventions, policies and legislation to promote return to work. combined multiple health events together. We addressed those limitations using matched controlled population-based cohorts to evaluate separately the effect of acute MI, cardiac arrest and stroke on outcomes in the labour market. Our primary hypothesis was that people of working age who were alive after hospitalization for these conditions experience substantial and enduring decrements in employment and earnings.
Methods

Data sets and linkage
For this retrospective population-based cohort study, we used the Canadian Hospitalization and Taxation Database (C-HAT), a previously described linkage of population-based Canadian hospital and income tax data. 13 In C-HAT, the hospital data derive from the Discharge Abstract Database, 14 whereas the source of tax data is the T1 Family File, which contains yearly tax returns for all Canadians. For this study, we excluded the 3 territories (Northwest Territories, Nunavut and Yukon) and the province of Quebec, where the linkage rates were lower than in the provinces. 13 See Appendix 1, available at www.cmaj.ca/lookup/suppl/ doi:10.1503/cmaj.181238/-/DC1, for more details.
Study cohorts
We performed separate analyses for acute MI, cardiac arrest and stroke, using matched cohorts of participants who were exposed and unexposed (control), where exposure was admission to hospital for these health events. We use the term "index year" to indicate the calendar year of the health event for exposed and the matched year for unexposed. We indicate the index year as Y0, the third year following it as Y+3, and so on.
Based on estimation of sample size (Appendix 1), we used the Discharge Abstract Database to identify patients who were admitted to an acute care hospital for acute MI, cardiac arrest or stroke during 3 calendar years (2008) (2009) (2010) . Because of a lower yearly incidence in cardiac arrest, for that event we included 5 years of data (2005) (2006) (2007) (2008) (2009) (2010) and excluded Manitoba for 2005-2007 owing to incomplete data.
We used the following criteria for inclusion in the exposed cohort: aged 40-61 years in Y0; identified in tax data in Y-2, Y-1 and Y+3; working in Y-2 and Y-1 as indicated by nonzero earnings; admission to hospital with acute MI, cardiac arrest or stroke in Y0; and alive at the end of Y+3. We chose the International Statistical Classification of Diseases and Related Health Problems, 10th Revision codes for the 3 conditions (Supplemental Table 1 , Appendix 1) to maximize positive predictive value, by excluding codes that may not represent the entities of interest. We excluded those patients who had the health event of interest during the 3 years preceding Y0 to ensure that labour market outcomes were attributable to the index health event rather than a previous one (Supplemental Table 1 , Appendix 1). Unexposed controls for each study year were chosen separately for the 3 conditions. They satisfied the same criteria as the exposed cohorts, except they did not have the primary health event of interest in Y0.
We excluded extreme earners, defined as being in the top and bottom 0.25% of the earnings distribution of the population aged 37-64 years from 2003 to 2013. All those excluded at the low end of the distribution had negative total earnings, indicating net losses from self-employment (Appendix 1).
Matching
Participants who were unexposed were matched to exposed participants using coarsened exact matching, a method that differs from usual exact matching. This method balances within multidimensional strata and using weights, and provides superior balancing compared with propensity score matching (Appendix 1). 15, 16 We matched on 11 variables: index year, age, sex, province of residence in Y-1, whether there was any self-employment earnings in Y-1, urban/rural residency in Y-1, 17 total earnings in Y-1, total earnings in Y-2, marital status in Y-1 (married or not, including common law marriage), union membership in Y-1 (as indicated in tax data by payment of union dues) and any nonobstetrical hospital days in Y-1 to Y-3. We used standardized differences to indicate parameter balance between matched exposed and unexposed participants (Supplemental Table 3 , Appendix 1).
Outcomes
Our primary outcome was working in Y+3, as indicated by nonzero total earnings in that year. Among 3 secondary outcomes, the main outcome was the pre-to postevent (Y-1 to Y+3) change in total annual earnings attributable to the health events. Total earnings were calculated as the pretax sum of all wages, salaries, net self-employment income, other employment earnings and Indian Act exemption for employment income, indexed to 2012 dollars using the Canadian Consumer Price Index. Two other secondary outcomes were the changes in total annual earnings attributable to the health events from Y-1 to Y+1 and Y+2.
Statistical analysis
We quantified the effect of health events on mean yearly earnings using matched difference-in-difference, ordinary least squares regression. This method compares the pre-to postevent change in earnings of participants who were exposed to admission to hospital, who experienced a health event, to the analogous change for controls who did not. This "double difference" represents the effect on earnings attributable to the health event. 18 Although it is not well recognized in the medical literature, causal inference achieved by combining matching with parametric regression analysis is well-established in other areas. [18] [19] [20] To compare proportions of those who were working postevent between exposed and unexposed participants, we used weighted multivariable probit regression on the matched cohorts (Appendix 1).
We performed 3 prespecified subset analyses. For outcomes in Y+3, we restricted analyses to individuals who were working in Y+3, as indicated by nonzero earnings in that year. To reduce confounding caused by false-positive identification of health events, we restricted our criteria for exposure to admission to hospital to include only those whose index hospital lengths of stay were at least 3 days. To reduce the contribution of patients whose health events led to early retirement, we restricted analyses to those who were 40-55 years of age in Y0.
We used reweighting methodology to assess heterogeneity effects, and how labour market outcomes of acute MI and stroke differed across substrata of 12 variables (Appendix 1). We did not use this methodology for cardiac arrest because the smaller number of cases led to unacceptable case loss during the reweighting procedure, threatening the generalizability of those results (Supplemental Table 2 , Appendix 1).
Analysis was performed using Stata 14 (StataCorp). We considered a p value of less than 0.05 to be significant.
Ethics approval
This study was approved by the Health Research Ethics Board of the University of Manitoba.
Results
The number of individuals hospitalized for health events who survived at least 3 years is 19 129 for acute MI, 4395 for stroke and 1043 for cardiac arrest (Table 1 No. of children < 18 yr in Y-1, of those with children Mean ± SD 1.6 ± 0.8 1.6 ± 0.8 -0.020 1.6 ± 0.8 1.6 ± 0.8 0.002 1.6 ± 0.8 1.6 ± 0.8
Charlson Comorbidity Score Mean ± SD 0.11 ± 0.40 0.29 ± 0.61 0.44 ± 0.87
Mean ± SD 5. Appendix 1). The number of matched controls exceeded 370 000 for all 3 cohorts (Table 1) . Matching eliminated differences between exposed and unexposed groups (Table 1; Supplemental  Table 3 , Appendix 1). Compared with unexposed controls, 3 years postevent, 5 to 20 percentage points fewer of those who had the health events were working, and their mean annual earnings were reduced by $3834-$13 278 ( Figure 1 , Table 2 ; Supplemental Table 4 , Appendix 1; p < 0.001 for all differences). The size of effects were greatest for stroke and smallest for acute MI. The annual income decrements represent decrements in relative earnings of 8.1% for acute MI, 22.8% for cardiac arrest and 31.2% for stroke. The reductions in rates of employment and earnings were evident by the first postevent year (Figure 1 ; Supplemental Table 5 , Appendix 1) and were sustained.
Prespecified subgroup analyses are shown in Table 2 . Even participants working in Y+3 had reduced annual earnings attributable to the 3 health events; expressed as fractions of the reductions for the entire cohorts, these decreases were 65.8% for acute MI, 73.8% for cardiac arrest and 71.0% for stroke. When we excluded participants whose hospital stays were less than 3 days, the effects of acute MI and stroke were larger than for the main analysis. When we excluded participants over 55 years of age, the effects of acute MI and stroke were smaller than for the main analysis.
There was marked heterogeneity in the effects of acute MI and stroke on employment decline, with larger average effects for participants of older age, lower baseline earnings, comorbid disease, longer index hospital stay and requirement for mechanical ventilation during hospital stay (Table 3) . Employment decline was greater for those participants with hemorrhagic stroke than for those with ischemic strokes. However, sex, marital status and self-employment status were not important effect modifiers. For acute MI, employment decline did not depend on whether the participant received cardiac catheterization or revascularization during the index hospital stay.
Larger effects on earnings were seen for participants with acute MI and stroke with comorbidity, longer index hospital length of stay and need for mechanical ventilation during the hospital stay (Table 3; Supplemental Table 6 , Appendix 1). Although absolute earning declines attributable to health events increased with higher baseline income for participants with acute MI and stroke, those in lower baseline earnings terciles had greater fractional declines (acute MI 13.4%, 9.0% and 6.4%; stroke 43.4%, 32.3% and 26.4%).
Interpretation
We quantified sustained inability to work and economic losses for participants from acute MI, cardiac arrest and stroke, and highlighted the subgroups at greatest risk. Three years after admission to hospital for any of these health events, participants who survived were less likely than the matched participants who were unexposed to be working, and had greater losses in annual earnings. The size of annual earnings losses attributable to these health events were substantial, with relative decrements of 8%-31%. These losses were not limited to those who became unable to work; those working in the third postevent year had *Each row is a separate analysis. †These analyses were not performed for cardiac arrest because the much smaller number of cases led to unacceptable case loss during the reweighting procedure, threatening the generalizability of those results (Supplemental Table 2 , Appendix 1).
‡By seemingly unrelated estimation among the categories.
earnings decrements of 5%-20%. The earnings losses were wellestablished by the first year postevent and changed little to the third postevent year, creating a widening gap in cumulative earnings between those who had and had not had these health events. The effects showed marked heterogeneity. Foremost was that the size of the effects differed greatly between the 3 conditions, being three-to fourfold greater for stroke than acute MI. This likely reflects greater degrees of health-related disability arising from stroke and cardiac arrest than from acute MI. There were also differences in the effect attributable to acute MI and stroke by some of the characteristics of the participants and the index admissions to hospital; a number of these gradients were greater than twofold in size, including those associated with comorbidity, index hospital length of stay, need for mechanical ventilation and pre-event earnings. Unemployment and lost earnings owing to common health events have broad societal relevance, with consequences for patients, families, employers and governments. For those who are affected, the financial effects of such health events extend as far as causing bankruptcy. 21 As discussed, earnings losses can start a cascade that further worsens health. Lost opportunity costs of unpaid care provided by family members to survivors who are debilitated amount to one-quarter or more of the direct health care costs. 7 Even larger are the costs of lost productivity owing to debility among those who survive cardiovascular health events, variously borne by employers and governments. 7, 22 Our study provides highquality data needed for accurate, bottom-up calculations of the cumulative economic consequences of these common health events. 22 In addition, our identification of high-risk subgroups may assist in targeting interventions, policies and legislation to promote return to work, [23] [24] [25] which itself is associated with well-being and life satisfaction among those having these health events. 26 Previous studies have attempted to quantify labour market outcomes associated with acute MI, 27-32 stroke 28, 29, [33] [34] [35] [36] and cardiac arrest 37 but had substantial methodological limitations. We and others 28 observed declines over time in employment and earnings among unexposed controls, which is relevant because most previous studies have lacked such controls, leading to a possible overestimation of effects attributable to the health events. Of the 3 studies that included unexposed controls, 1 was a single-centre study of stroke. 33 The other 2 assessed combined cohorts of acute MI and stroke, 28 or acute MI, stroke and cancer, 29 making interpretation difficult given the large difference in labour market outcomes we observed between those 2 health events. In the previous study most comparable to ours, Fadlon and Nielsen applied matched difference-in-difference analysis to a population-based sample of 92 000 survivors of either acute MI or stroke in Denmark over 31 years. They reported that excess losses of employment and earnings at 3 years postevent were 17% and 19%, respectively. 28 Another population-based Danish study reported greater rates of working after an acute MI among men, patients who were married, patients with higher socioeconomic status and fewer chronic comorbid conditions, and after percutaneous but not surgical revascularization. 32 Differences with our findings could relate to a lack of unexposed controls in this Danish study.
Our study has several strengths. Using matching with difference-in-difference regression is a powerful combination that reduces bias caused by both observed and unobserved characteristics, 38 and has been extensively used for causal inference in observational data. [18] [19] [20] Using recent population-based data that includes most of the Canadian population over multiple years obviates concerns about generalizability. Finally, assessing outcomes over the 3 years after health events allowed us to look beyond transient labour market consequences of health events.
Limitations
There are also limitations. First, our findings may not be generalizable to other countries. National differences in social supports including health, disability and unemployment insurance may substantially influence labour market responses of individuals to illness and injury. 39 Second, because we excluded patients who died within 3 years of their health events, and those residing in Quebec and the territories, our findings may not apply to such cohorts. Similarly, as only admissions to hospital for acute care were examined, our findings may not apply to emergency department and other types of contact that did not lead to hospital admission. Third, we were unable to assess heterogeneity for variables not included in the hospital and tax data; variables such as level of physical activity, which may affect risk of disease and subsequent functional capacity, could not be assessed. Finally, although individual earnings comprise 87%-97% of total income for Canadians in the age groups we studied, 40 they do not represent the entire economic landscape for some individuals; other sources of income can include spousal or other household earnings, investment income, disability and other insurance payments, and other financial support. However, even if other sources of income cushion the direct financial consequences of health events, being employed is associated with life satisfaction, 2, 3 and unemployment per se is a risk factor for all-cause mortality. 41 
Conclusion
Our findings add individual-level details to the current understanding of the economic consequences of cardiovascular and cerebrovascular disease. 39 The loss of earnings attributable to these health events represent some of the total costs of caring for such conditions. 42 Because these effects differ by health event and possibly by country, much work remains to form a more complete understanding of how acute illnesses influence labour market outcomes. 43 
